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Functional surface* for chemical roactiona and process for the preparation thereof 



(57) The invention concerns a solid phase surface 
structure and a process lor preparing such a structure. 
The surface structure comprises functional groups on 
the surface of a substrate. The species of a reactant fed 
in gas or liquid phase is bound at least temporarily to 
said groups due to the interaction between said species 
and said functional group during a chemical reaction 
According to the invention essentially ail of ths function- 
al groups are attached to the substrate via a bridging 
group bound to the surface atoms of the substrate, the 
surface binding sites being so far from ths surface of the 
substrate that the surface of the substrata does not have 
any significant influence on the interaction between the 
surface binding sites and the reactant species. The 
functionalied surface structures can be provided by re- 
acting an inorganic oxide support with a corrtpound or 



formula (I) 



R 1 AX 1 



0) 



whsrein A is silicon, tin. germanium or carbon. R 1 is a 
hydrocarbon group and X 1 is afunctional group. The re- 
action between the support and the compound of for- 
mula I is carried out under surface bond selective con* 
ditions and the reaction is conuhued until essentially all 
of the hydroxy! groups of ths inorganic surface have re- 
acted under surface bond selective conditions. By 
means of the invention tunctionali2ed surfaces are pro- 
vided when can be used for chromatographic applica- 
tions and as catalyst supports. 
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Description 

The present invention concerns a f unctonalized surface structure according to the preamble of claim 1 for carrying 
out chemical reactions during which the species of a reactant fed in liquid or gas phase is bound to the functional 
5 groups of the surface structure due to interaction between the groups and the species. 

The invention also concerns a process according to the preamble c4 claim 11 lor preparing lunctonalized surface 
structures. 

In the context of the present invention, the term 1 unctionalized surface structure" it used to refer to a solid substrate 
with functional groups bound thereto, the functional groups being capable of reacting with the species ol the reactant 
w fed *\ liquid or gas phase, that is, with molecules, ions, or chemical compounds. Functional surfaces are used in, e g , 
chromatography and adsorption mass applications whereby desired chemical species, such as metals or solvent mol- 
ecules, are at least temporarily bound to the functional groups of the surface structure from the sample examined. 

The above definition of f unctionalized surface structures also covers supports ol heterogeneous catalysts which 
typically comprise an ^organic oxide whereby a catalyticatty active metal or metal compound may be bound to the 
ts surface functional groups, e.g.. hydroxy! groups, of the inorganic oxide, in order to obtain a catafyst. An important 
advantage provided by the thus prepared heterogeneous catalyst* over rxirnogeneous catalysts, is , catarysts soluble 
in the reaction medium, consists in easy processabiliry (purrfication. activation, etc.) of the catalyst. However, a disad- 
vantage may be considered to lie therein that the support material often aRects the catalyzed reaction; the catalytic 
properties of the transition metal and the carrier are many times even impossible to tell apart Thus, the homo- and 
20 coporymerizationof. e.g., ethylene and other i^fns wimheterc^eneous Ziegler-Nafla catarysts will, due to the effect 
of the support, provide poryoiefins with a broad molecular weight distribution (> 4 to 5). whereas homogeneous catalysts 
will provide a narrow molecular weight distnbution. 

Problems may also arise *i the case of other functional surfaces when both original surface groups and new 
functional groups bound to the surface are present in the surface structure. In addition to the fact that the groups wiM 
25 be in competition with each other for the binding of chemical species, impurities such as water molecules bound to the 
original surface groups may impair and interfere with the operation of the functionalized surface in. e.g.. adsorp tion 
mass applications. The sensitivity of chromatographic separation/assay is reduced if the chromatosubstrate comprises 
groups with different affinities. These will easily produce the so called tailing effect 

The purpose of the present invention is to eliminate the drawbacks hampering the prior art and to accomplish a 
*> functionalized surface structure characterized by easy processabiWy and handling of conventional sotec^phase surfac- 
es, whereby, however, the functional properties of the structure are determined exclusively or at least mainly on the 
basis of functional groups separately bonded to the surface. The invention also aims at providing a process for the 
preparation of such surface structures. 

The invention is based on the concept of heterogenization of the functional groups, ie. they are attached from 
15 gas phase onto a solid support by using bridging groups which can be bound to the surface of the support with covalent 
bonds or other stable bonds and which are of a size rendering the functional influence of the functional groups inde- 
pendent of the support surface. 

The bridging compound used for the afore-descnbed heterogenization preferably contains two functional groups, 
one at each end thereof, whereby one of the functional groups forms a bond (e.g. a covaJent bond) with the surface 
40 binding sites of the inorganic surface (e.g. the hydroxyl groups or tensioned metal-oxygen-metal bridges of the surface) 
and the other one is left free after the reaction tor desired additional reactions. 

In particular the compounds of the presented type ars bound to all or essentially afl available surface biding sites, 
mostly the hydroxyl groups, under surface bond selective conditions. 

More specifically, the solution according to the invention is mainly characterized by what is stated in the charac- 
*s terizing part of daim 1. 

The process according to the mention is. again, characterized by what is stated h the characterizing part of claim 

11 The present hveotton w«l now be examined nwe c^ 
working examples, 

so The rwenlion concerns synthetizat ion of functional surfaces on inorganic surfaces, such as silicon oxide, aJurninium 
oxide, titanium ooride. and other serilar supports, to provide 'a soed-phase surface structurs'. in other words a structure 
wherein the substrate comprises a solid substance. In its general form the invention comprises binding of functional 
groups to a substrate va a bridging group attached to the surface atoms of said substrate, whereby the functional 
groups are placed so far from the surface of the substrate that said surface does not have any significant influence on 

55 the interaction between the functional groups and the reactant species fed in liquid or gas phase. 

Thus, a support or a srnilar solid surface is reacted under surface bond selective conditions with a compound of 
formula (I) 
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herein R' ..hydrocarbon re..du. ,C - -^J-^KSS ^r,S2.^-.S 
w«h a surface atom of group o( surface atoms on ino surtac. o« th. .upport. .no a. 

For productng the bndge group bound to the ^» ^.g. the hydroxyt group, or 

groups, on. of wh*h forms a bond (eg. a covalen. bond, ^ J* ,U ^J^ r^rernars tree att.rth. reactcn 
.ensued s^oxygan-acon bridge.) of the "organ* """'J*™™^^ ££kml tur ,aces. Between 
.or desired further ruction, dunng which * torm, n£M wta. b^ng MM ^J^^,, m . 

A compound of formula (II) 

ro 

an integer from 1 to 4. « an example erf a bridg«g JW- wnch react, with the surface) erf the 

Examples erf the functional group. )0 and X 2 , '•^ t ~^*. ™' , ro .rv hewe, ( R-X). aldehydes 

above formulas (I) and (II) are listed r the Mm 9 >^^1SSS^1^^ add. (HOOO 

- (RCHO). Ketone, (R.CO). carboxyle ^^°^^^^^R^^rf*s (RC=N> and 

R-COOH). ester. (R-COO^). ^^^^.^L ^ ^X^^^^ " 
thiols (R-SH) In the above formulas R stand, for rtydrccarbyl radeaia. typea«y 

branched hydrocarbon group*, such a. C,., 0 alky! or a^«J^«^V ^ - , n Ioanula (...) 
In meformubs (I) end (I.) the group -A* ^'^^^^^J &ger 0. 1 or 2. X? 

» M is a te.ravaton. maul or serr-netal. .uch a. .rfiecA un "J^SX*.. and*- hydrogen or 

« a group wheh * hydrcrfyzabl. when ^SS..r-.. Partly prelerred 

a lower alkyl group The terminal group anchore the bndgegroup to the .unac. 
tormina, group, are the ..lanes represented by the formula (IV) 



40 



«5 



SO 



ss 



wherein R* and X» harve the eame meaning as abov* ^ jfcon and their compound, are also con- 

The chemical properties crfunand germanium are snwlar to those a wecon, «r» 

sidered advantageous h the process ac ^^^™^' hmd there i. at least a three-atom linear 

The bridges .i'ES crf^et^r grouping the 

grouping, eg. . S IS 2* Sm» M^hytone. ethyfcne. propyl— end buty- 

capable cy reacf^w* some Z^r*. b^n bound to the surface. 

X* in the formula tfRAtf) or n can be attached tothel ^ ^ wlow *g functional group.: 
Functional site, are reputed by the cloubj. andtopte *ndjcl -rbonw » cartjaxy1k: Kids (FWDOjH), car- 
aloof**. (R-OH). ether. (RO-R). halide. ^^^^^^^^o^MMm (fVCONHJ. amr~ 
boxy* anhydride. (R^,^. to ^ fc ,^^^S*) t^e ibc^mul- R represent, hydrocrbyl 
(R-NHj). nrfro compound. (R-NOj). " nd ^ (fVSH) ** 
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radical* and has the same moaning as above „ if . Ar . tH _ 

O S2S* importance among the above-mended functrcnal structures and groups are. lor the purpose o. the 

fJ2E*l*«*^ Structure (e.g. the cye.opentad»n. group, the .ndeny. group, the fluorene group etc.). 

Z^S^^IZ! ?* cap*,-* react.* v,a a Die*-A«er ..actionw* c^^*~ng 

^Tbc^s cZ -ponan, group. are the carboy acid, carboxyl* anhydride, a ^^"^X 
The .ub.,rate of the tuncUona. .uriac.. .nouH be stab., a. those ^J^^y^^lZ 

bridge compound is attached to its .urtace. In particular the substrate » an «organ« <^wleeted ^^^oup 
dcx* (silica). alumr,ium oxid.. M«, dtatt. - Minium ™^™*<£ ^nat. «* 

^ alurrLm ..id... magnet magnwium .,Hca,e. mar^^ 

these compound, typically already contain, the a1or.-m.rn.oned hydroxyl 9™P* and metaKxygan-m.ia.-o »ge 
the above-mended hydroxyl or bridge group, i. reacted with a compound aceordmg to formula (V) 



re 



" Ati m A On) 



25 



35 



(V) 



wherein 

» A 
R 

R2 is an alkyl group. 



.. + i. raoahla of being bound to one. two Of three surface oitygen atoms. 

ri J^r^ydnS^^ 

* * TS^'ztSw wrth the hydroxy or me^gen-m.^idge. of th. morgan* oxide, and 

m « an integer 0. 1. or 2. 

When th. compound of tormuta (V) react, with th. surface of m. support bound to th. surface typically via 
one or two oxygen groups, th. group left on the surface ot the support having the lormula \to 



or formula Vb 



•R'^x',,.,. <*> 



I, ^ J^X™ 3,. reactant w*c»« led n gas or bqu>d phase ar. at fcasl temporal bound due to the 

l!^™^db^nx>taina R 1 ■ capebl. ot boding to at least one ol the toHowrg metals or a compound thereor 
« STS fT^oTz^ Jo^Ru. Rh, Hf . tl W. Re. 0.. or Ir. Panic-lady «• *• J"** 
^£ VA«£ VM of th. p.riodie tab... in partcular chromium, hafnium, titanium and 
Tr^r^rTm^ Z c^b. bound to ft. mod*- .uppc* .xher <rom gas phase or from ^ 

tTJL^Z^ support, a. w.1 as for the proration of oft.r (uncdon.1 surtax R- «n b. . 

includ.no FaCo.Cr.UZtRu.HtandRh. Furthermore, cyctopentadienyl » capable ^°^*^;"™ OTy ' t ' 
M ^vX make surface structure. su4able (or abaorpt.cn purpose, among other applcations. 

^F^ne^rt ^c^, 0 al^Vl PM>. P"*^ a ^er ^ 8^ such a. a rr-U^ «hyf . r^rcoyl and 
isopropyt, rvbutyl. aobutyl and tert-butyt or any pentyl or hexyl group. 
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R* £ a methylene chain containing advantageously 2 - 4 carbons (such as an ethylene propylene or butyiene 

chain) . 

X tt selected from the group consisiing of alkyl (-R 5 ). alkoxy (-OR 5 ). carboxylic acid (-OOCR*). amine (-NR» 2 ) and 
chlorine (-CI). wherein R* represents an alifauc hydrocarbon cha* having 1 to 10 cartoon atoms X is advantageously 

s an alkoxy (-OR 5 ), carboxylic acid (-OOCR*). amine <-NR* 2 ) or chlorine l-Cl). wherein R* represents an striatic hydro- 
carbon chain having 1 to 10 carton atoms X m preferably methoxy or ethoxy. When the above-mentioned sitene 
compound reacts with an irxxganic oxide, the bond between the silicon atom and the group X* it replaced by a bond 
between an inorganic compound and the silicon atom. Methoxy and ethoxy are particularly preferred of the X* groups 
and they form ethanol or methanol when they react with water orwrthtne hydroxyi groups of the inorganic surface. 

io Because chtoroailanes form hydrochloric acid as a side-product they are less preferred. 

The sitone compound mentioned in the examples below. (EtO^SitCHj^Cp. it a good bridging compound between 
a transition metal or a functional group which are to be bound to a support and. e.g.. a porous support having a large 
surface, such as silca and aluminium oxide. The methylene chain between the silicon atom and the cyclopentadienyl 
group also potentially softens the heterogeneous character of the inorganic oxides. 

is The process according to the present invention is advantageously carried out under surfaee-bond-selectr/e reac- 
tion conditions In the context of the present invention, this term means that the reactant is attached in vapour phase 
to the surface of a solid material (inorganic oxide) under conditions in which the properties of the surtacedetermine 
the amount of reactant bound to the surface The preparation of catalysts under surface-bond-selective conditions is 
described, e.g.. in F\ Pat. Nos. 84562 and 87692. 

zo m the present method, the suitable reagent is bound t\ vapour phase to the support The reagent is evaporated 

separately from the support and the vapourized reagent is taken to a reaction chamber, wherein it is reacted with an 
inorganic oxide compound acting as the support During the reaction, the support is maintained at a temperature which 
is above the vapour condensation temperature, and simultaneously, so high that the minimum thermal activation energy 
necessary for the formation of chemical bonds between the heterogenizing compound and the surface bond sites of 

2S the support, is attained (thus accomplishing ths chemisorption of the heterogenizing compound). Through this tech- 
nique, a support suitable for bonding the transition metal is achieved. 

By the present process the linking agent, e g a silans compound, can be attached directly by a gas phase reaction 
to a support without any difficult hydroryzation step for alkoxy sUane* and/or use of organic solvents. In tie present 
surface bond selective method, after the reaction the compound is ready for binding a transition metal or for other 

30 reactions. 

As mentioned above, the solution according to the invention can be used for heterogenization of catalysts The 
invention is partcutarty wel suited for the prsparation of olefin catalysts. Within the context of the preeentinvention 
the term •heterogenization' is used to refer to the isolation and stabilization of catalyticaMy active metal compou nds 
which are usuaJry unstable m the hornogeneous phase, by bonding a spacer compound (heterogen ization compound) 
ys which is compatible with the precursor of the catalyst to the surface of an inorganic oxide (e.g. . SO* A^Q* TO* ZrOj) 
However, the cyclopentadienyl surface according to the invention can also be used lor cyctoadddton reactions of 
the Diels-AJder type, whereby a carboxylic anhydnde surface may be formed from the cyctopentadienyl surface by 
reactng a maleic acid anhydnde with the surface at a tow temperature. The next step may comprise reacting the 
anhydnde surface with water, thus allowing for the formation of a dicartoxysc acid surface capable of tending metal 
*o atoms from water or other polar and/or organ* solvents. ^ 

The solution according to the «ventton may be used to prepare even other functional surfaces. Thus. aJcohoh (- 
OH)- or ether (OCH 3 tai -OCHjCHJ surfaces can be prepared on a silicon oxide surface by using organic dialcohole. 
or conesoondinQjy. alcohol ethers, preferably at a high reaction temperature (> 200 *C). 
The reagents have the general formula V) 



43 



horW 0*) 



so 



wherein 



R* represents a -{CH^ group where k is an integer 1 to 4, and 

R7 is a hydrogen atom or an aikyl group (-«*). where R 1 has the same meaning as above. 

The present invention is well suited for the preparation of an alcohol surface because, e.g.. the number of alcohol* 
45 OH groups is g/eeter than T.5 OH groups/ron 2 in the cass of porous silicon oxide having a great surface area when 
ethylene glycol HOCHjCHjOH is used as the reacting alcohol, h has unexpectedly been found that when the above 
reaction is carried out at surface bond selective conditions at +300 *C. al groups except the internal S*-OH groups will 
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disappear from the silicon oxide surface which has been heat treated at 600 -C for 16 hours poor to the reaction. When 
a primary alcohol such as ethanol is used instead of ethylene glycol, separate Si-OH groups are visible in the FT-IR 
spectrum, as in the case of the original heat treated silicon oxide Similarly, a carbon analysis shows that the ethanol 
treated silicon oxide contains less carbon atoms by hall per nm* when compared to ethylene glycol. 

5 Corresponding^, an ether surface may be produced by using, e.g., 2-methoxy ethanol (CHjPCH^HjOH) or 

2-elhoxy ethanol (CH^CHjOCh^CHjOH) instead ol ethylene glycol.. Organic phenyl surfaces may be produced by 
using phenyl triethoxy silane. whereby R 4 in Formula I represents a phenylene group and the surface bonding sites 
are provided by the cyclic carbon atoms of the phenylene ring. At wish, functional groups may be bonded to the phenyl 
surfaces such as an alcohol (R-OH). ether (RO-R). halide (R-X). aldehyde (RCHO). ketone (RjCO). caiboxylc acid 

to (R-CO-H) carboxylic acid anhydride (R-CCtyp. dcarboxytic acid (HOOC-R-COOH), ester (R-COQjR). amide (** 
CONHj), aminine (R-NHJ, nitro compund (R-N0 2 ), nitrite (RC=N) or thiole <R-SH). R stands for a hydrocarbon group 
The functional groups cited may also be bonded to the phenyl reagent. 

The term •surface-bond site' refers to a functional group on the support surface capable of reacting with the tran- 
sition metal or a compound thereof. The present invention makes particular use of the reaction of such a functional 

i« group with a group havng the formula ^J^^. Generally, the surface-bond site * formed by a hydroxy! group or 
a metaloxygetvmetal bridge, whereby the reaction between the above^nentioned groups provide* on the support 
surface a molecular structure represented by the formula -A(R 2 m )X( 2 . m )-0-metal atom 

The invention otters significant benefits. Thus, it has been found that in the polymerization of ethene using a catalyst 
in which a transition metal compound is bonded to a support surface carrying a cSene-ring structure which is prepared 

20 according to the invention, together with a methylaluminium oxane (MAO) cocataryst. the potysthene product thus 
obtained has a sufficiently high molecular weight (M* > 100.000) for commercial applications and also has a narrow 
molecular weight distribution (M^/M* < 3). Such a narrow molecular weight distortion cannot be attained by means 
of conventional heterogeneous Ziegler-Natta catalysis such as CrOyS0 2 or TCVMgClj catalysts without a markedly 
reduced catalyst activity. 

rs The functional surfaces according to the invention may. among other things, be used to further produce a transSion 

metal surf ace bound to the functional surface, such as zirconium metal bound to cyclopentadiene without any interaction 
of the hydroxyl groups of the original surface with the bound metal, because essentially al surface hydroxy! groups of 
the inorganic oxide are reacted during the reaction between an inorganic ooride and a bridging agent under surface- 
bond selective condition*. 

30 This is illustrated by the example* according to the invention. Inorganic hydroxy Is are present in a large amount 

when the same reaction is carried out in dissolved phase by hydrolyzing a silane alkaxy compound by a conventional 
method [ref. G. L. Witucki. J Coat. Technd. fi5 (1993) 57). Moreover, the functionatization may be carried out in one 
step according to the present invention, and after the reaction, the product may be used directly or processed further 
without arduous washing and drying step* The process-related advantage provided by the invention and Its effect on 

J5 the product are illustrated in Figs. 1 and 2. ■ 

Furthermore, functional surface* may be employed for simple production of organic *urfac*« suited for chroma- 
tographic applications in one or several process step*, whereas conventional solution techniques require arduous and 
time-consuming solvent washing and drying step* and »*paration operatione between the different proce** steps as 
well as n many case* method* carried out under pressure, if a similar result is aimed at as «s obtained by mean* of 

*o mo process of the invention. At the same lime, the product ha* a minimal amount of surface hydroxyl group* of an 
inorganic acid with a detrimental effect on chromatographic operation, whereby the** group* require blocking by 
means of a separate reaction when a conventional solution technique « used Chromatographe application* in gas 
ck liquid phase are feasible. 

in the following, the invention is examined in greater detail by using modified supports suited for the preparatcn 
45 of procatarysts a* examptoe. Other functional surfaces may be provided in an analogous manner. The rwention is 
illustrated by the annexed drawings wherein 

Figure 1 is a schematic cUayam of the bonding procee* of aJkcaty »«an* to a »u^ 

Figure 2 Is a schematic cSagram of the bonding proce** of alkoxy stone to a *ub*t rate under *urfsx3*-bond-*electlve 

Figure 3 show* an FT-IR spectrum 1 relating to the reaction of siicon oxide at +250 *C with CpfCHahSKOB)* 
Figure 4 shows an FT-IR spectrum Z relating to the reaction of a cyclcpentaoHenyl *urtace with a maJeic acid 

anhydride at +105 # C. ^ 

Figure 5 shows an FT-IR spectrum 3, relating to the reaction c< ethanol with a silicon oxide at +300 *C, separate 

ss Si-OH groups not leaving the silicon oxide surface. u 

Figure6*how*a*FT4Rip*x^ 
the SvOH groups leaving the siBcon oxide surface. 

Figure 7 shows an FT-IR spectrum 5. presenting the IR spectrum of a silicon oxide surface heat treated at 600 C 
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for 16 hours 

Figure 8 shows an FT-IR spectrum 6 relating to the reaction ot 2.2-dimethyi propane del with silicon oxide, the 
Si-OH groups leaving the silicon oxide surface and the OH peak of the isolated organic alcohol emerging, and 
Figure 9 shows an FT-IR spectrum 7. relating to the reaction of 2-ethyK 2-butyl propane dioi at 350 - C with a 
s siheon oxide surface, the SiOH groups teavmg the siicon oxide surface and the OH peak of the isolated organic 

alcohol emerging. 

In the appended drawings, refer here to Figs i and 2, are shown the dagrammatic steps of methods for catalyst 
preparation * liquid phase and gas phase, respectively. The diagram of Fig, 1 is based on the preparation technique 
to described by Witucki |G.L Witucki, J. Coat. Technol. fij (1993) 57], while the method according to the "venhon « 
illustrated n Fig 2 As is evident from the diagrams, the technique disclosed by Witucki requires three different reactions 
for bonding the alkoxy silanes to the support surface. By contrast the present invention makes rt possible to perform 
the bonding of the cyctopentadienyl silane compound or an equivalent heterogenizing compound to an inorganic ma- 
terial surface in a single step by reacting said compound wtth the hydroxy! groups and sitoxane brriges of the surface 
»5 in gas phase as is described later in conjunction with the example using silica as the support The thus synthesized 
surface structure can be utilized directly for attaching said transition metal compounds by a covalent bond to the support 
surface. No solvents or dryiig steps are required in the preparation of the cyciopentadienyl surface structure. 

According to a preferred embodiment of the invention, the preparation of the catalyst comprises the f oHowing steps: 
1 ) Pretreatment of the oxide support, 2) evaporation of the surface treatment reagent(s) and attachment thereof to the 
20 support surface in order to prepare a modified support 3) attachment of transition metal to the surface of the modified 
support, and 4) optional treatment of the catalyst with organic aluminium compounds. Steps 1 • 3 are also illustrated 
in Fig 2, wherein the attachment of an ethoxysHane expound to a silica support is elucidated. 

Purging with an inert gas can be performed between steps 2 and 3 as well as between steps 3 and 4 when desired. 
According to the present invention. a» reagents for steps 1 and 2 are taken into the reaction chamber in vapour 
2S phase, typically one component at a time. 

In the first step of the method, the support can be subjected to a pretreatment at elevated temperatures prior to 
the actual bonding reaction. The support is most advantageously silicon dioxide, aluminium oxide, silicon dioxide- 
aluminium oxide, magnesium oxide, magnesium silicate, titanium oxide or zirconium oxide. Such a heat treatment can 
be used to modify the number and nature of OH groups, and thereby, the amount of metal compounds bonded to the 
x support surface. The maximum temperature applicable during the pretreatment of silicon dioxide supports is about 900 
•C. while aluminium oxide is advantageously pretreated at a maximum temperature of 800 to 900 *C. In Fig. 2, the 
typical pretreatment temperature of silica is cited as 600 *C. 

The number of OH groups is reduced by subjecting the support to an elevated pretreatment temperature. The 
duration of the heat pretreatment is 1 to 40 hours, preferably 2 to 24 hours, 
w Instead of heat treatment, or in addition thereto, the support can also be pretreated by contacting the support with 

suitable compounds capable of modifying the support surface in an advantageous manner. Thus, a silicon dioxide 
support can be treated with an aluminium compound. By reacting aluminium chloride and water vapour with silicon 
dioxide, an Mfi^ layer can be formed, as described in Fl Pat. No. 84562. 

As is evident from the diagram, after the pretreatment the support surface has two types of groups capable of 
40 acting as surface-bond sites, namery. hydroxy! groups and sHoxane bridges. 

In the next step of the method, the evaporated heterogenizing or surface treatment reagent is chemisorbed onto 
the support surface by contacting the reagent vapours with the surface. By virtue of the direct gas<solid substance 
reaction, no solvents or washng of the product are needed in the process. The vapour pressure of the evaporated 
compound is maintained sufficiently high and the time of interaction sufficiently long during the process so that all the 
as surface-bond sites on the support material will be saturated, or atterativery supersaturated, with the catat yticalty active 
component or a precursor thereof. The excess amount of the active component used in the process as compared to 
the minrnum concentration required for complete saturation of all available surface-bond sites on the support surface 
is typically 1 to 100-fotd. preferably 1 to 3-foki The amount of the heterogenizing compound required for lorming a 
rrKxx*yercanbecc*nputedw^ 
so the support 

According to a preferred embodiment, the reaction temperature may not toll below the minimum temperature re- 
quired for the evaporation of the reagent; otherwise condensation of the reagent wMI occur Besides, the reagent may 
not undergo condensation at any point along its path into the reaction space. For these reasons, the reagent temper- 
ature must not drop betow the reaction temperature. The heterogenizing compound and the operatin g temp erature 
ss shall be selected such that decomposition of the metal compound and posstte condensation of its decomposition 

products is avoided. _ . 

As is evident from Fig. 2. the second step of the method » carried out wfw an ethoxysilarie cor^ 
at about 50 - 400 *C. and in fact this temperature range is suitable for most alkoxysUane compounds. The lower Isnrt 
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of cited temperature ran g, a <,„ e rmined by the condensation temperature ot the alkoxysilane lo be evaporated at the 
pressure used *d the activation energy requ.red tor me formation ot a desired surface bond. The upper hmrti is deter- 
mined by me temperature at which the helerogenizmg compound starts to decompose, or aBematrvetyihe other func- 
tional croup ol the compound, which o intended to reman tree.begins to react with the support surface 

The reacts ot the catarylicalty active material or compounds thereof a«J the support is carried out e.ther at ambient 
pressure or preferably at an elevated pressure However, the reaction is most advantageously carnedout n apamal 
vacuum The worlung pressure of the method is typically 0.01 - 10 MPa. advantageously about 0.01 • 101 MPa ^Possible 
pre- and posttreatmeoi steps are most advantageously performed in a partial vacuum. Tha gem of ered by the partial 
vacuum lies therein that the reaction space stays cleaner and the diffusion speed is enhanced. The reacuooime » 
not panfculariy critical with the provision that it is extended so long as to permit Iha evaporated reagent tonteraawtth 
the surface-bond sites of the support Hence, the reaction time can be varied, e.g.. « the range 0.5 - 25 n. wniie a 
reaction time of 1 - 10 h is typically used lor the treatment ol a 5 - 20 g batch ol support malenal. 

The evaporated heterogenizing compound can be introduced into the reaction space as such, or alternately, with 
tha help of an inert carrier gas such as nitrogen or a noble gas. Most advantageously, an inert-gas atmosphere » used 
and the same inert gas is employed as the carrier gas ol the evaporated transition metal species. 

After the vapour-phase reaction, all un reacted surface-treatment reagent ia removed from the react on space as 
well as the side-products of the reaction between the reagent and the support (eg. those formed between HCI and 
me organic rescues ol the reagent). Accordingly, nitrogen-gas purging is performed at reaction temperature subse- 
quent to the chemisorption reaction in order to remove the unreacted reagent and the released HCI 

Next, to the modified support surface, or more accurately, to the functional group of the heterogenizng reagent jt 
attached a transition metal compound. The transition metal « attached to the support by introducing a transition metal 
compound ol the formula MHat« or LMHalj. where M is a transition metal such as Ti. Zr or HI. Hal • a halogen and L 
is a group containing a diene-ring structure, to react with an inorganic oxide support modified by a compound having 
the exposition ol formula I In a transition metal compound with the LMHalj composition. L is most advantageously 
a eyeiopentadienyi group, or alternatively, a penta-. letra-. tri-. di- or mono-elkyl. monoaryl or monos.iyi derivative there- 
of 

According to an advantageous embodiment, tha transition metal compound is a tetramethyt cyctoperrtacSenyt, rv 
butyl cyciopentao^nyl or t-butyl cyctopentacHenyl rorncound of the transition metal 

The transttcn metal compound can ba attached to tha support under eurtace-bond-eeiective conditions, ^reby 
the process conditions ar. adjusted as deserved above. The attaint of the X ^^J^^^}^ 
support surface under eurfaca-bond-selective condition, ia deecribed, e.g.. in R Pat. Noe 84606. 84609. 95276 and 
in Fl Pat Appi No 933998 

Alternatively, the transition metal compound can be attached using a conventional W^™**^^*- 
the modified support is slurried into a suitable solvent, into which the transition metal compound is added. The produd 
is separated by tmration. followed by washing. , „ . 

After the catatytically active compounds of the transition metal have been attached to the support, the catalyst can 
be modified: it can be preactivated by adding conventional organometal compounds. , . 

The novel catalyst piepared by the method deeertied herein is capable of catalyze* **^r*^™* 
zation ol ethylene According to an embodiment, these catalysts can catalyze the polymerization ol ethylene n gas 
phase at an excess pressure ol at least 2000 KPa reeuttmg in a polyethylene grade with a narrow molecular weight 
distribution, whereby the po*yd>aper*ity index is maximaiy 5. advantageously smaller than 3. 

The lottowmg worlung example* illustrate the invention: 

Example 1 

Preparation of a eyctopentadtene surface under surface bond selective conditions 

In the Wbwhg. the preparation o< a zircooocene procatary.t and the use of such a procatatyst in ethylene Pd*™- 
erization wil be d-enbad. Tha preparation of the procataly.1 oomprise^two «^^fir« • tormedby » to* 
ment of a .icon dtab. support with a cycfcpeniadienyl compound ^ wrt « c ^^^"^"^ 
to achieve a modrfiad support surface Subsequent*, tha second step compme. ***^^^' UpP * 
surface from said cydopentadienyl compound. Tha eocalalyst used h m* product is methylaluml^ 

Preparation ol support 

An 8 4 g batch of a commercially available SO* wim a large wrteee area (320 m^g) (produrt r^EP 10.^ 
usurer cLfied Ltd), when had previa been heat-treated a. 200 -C .or ^'b^S 
chamber The reactor was evacuated and the support batch was preheated at +200 *C for 3 h. Next, a 6 ml aliquot of 
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p n «-H i <?i(OE0, evaooratedat+100'C. was introduced mlothe reaction chamber using nitrogen as the earner gas. 
£S£S£h£ ng^t brought to a .200 «C operating temperature. The pressure was 0 028 WPa and me 
" ^™ «n^.or 2 h. after whe* Ume the thus treated support was purged w,th a pure nitrogen gas .tow lor 
;TrTe^rrhTc^Loonta.ed 6 9 wt-% carbon The IR spectrum of the product * shown m F.gure 3 

5 

Proration of orocatalyst 

Th.obtainedrrKX.ifi.d.^ 
amtated ovemioht at room temperature Then, the solid matter was separated and washed three tme. with TMRThe 

CpZrCU. dissowed in THF was added dropw-s. into the suspension in a nSrogen a.rrx^ere Jh, su^^^s 
vfcorouslv agitated overnight at room temperature, after which the solid substance waa separated and washed twee 
X» Z TW ind^e w«h 30 ml die^ether and dried in a vacuum. Final* the product was dned .n «v«uumat 

ts as follows: Zr 3 0 wt -% and C1 1.1 wt.-%. 
Preparation of reference catalyst 

Tho r«l*r*r** catalvst was a homogenous CpZrClj toluene solution, prepared by dissolving 45 mg CpZrCb in 120 
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test. 

Ethene polymerization 



Ethene homcoeJymerizato. was carried out in a reactor of 11 volume. The heptane medium (*»ut «0 g) was 
I*, f2^=T^cuLed rector, an.r wheh the ^^^ t ^^^;''^^ t 
«h. reactor Next r,to the reactor was released a 12 8 mg batch of a P^*^** " *X 
m rr.«ondina to4 21 x 10"« molZr. The actual polymerization was begun by releasing eihene into the reactor. As me 
eTr^w^unSd mT.X. was con.^uX^ed into the reactor during the "<"^~ ^ 

T^e^oS^ion condiUon. were a. follow.: temperature 80 «C. pr^ur. 2.5 bar. polymeria** >m» 0.5 KM 
(MaS^St S, 2000. Po*m.riz-t*n we. terminated by c*.*, ^^j^^S^ 
product was filtered, dried and weighed. The activity of ihe catalyst was 797 g/g calm, correspondng to 2422 g PE/ 

SLsnattan of me poVetr»ne product molecufcr weight by the GPC method gave the fo^ng resu«s: K = 

u - as 000 ofrnol NL. = 233.000 grnxX. and the molecular weight dwlributwn expressed ss M^M, was 2.73. 

Vx^^^SmaS «Soood ..^.condition, and the thus prepare cydop^tadien. » U rfacehave 
a J5£Z ^o^^a7ed catalyst because the cata*st «*or*ng * me rwen„on ha. a two**, 
activity compered to homogeneous catalyst systems- 
Example 2 

Preparation of fwik>n*4 surtac**: 

The preparation. 2 . 1 1 were carried out a. in Example 1 but by applying <"«^^™ ^ratu~ 
. . JjJ~L ftrtmA^jtvi Samole 1 *ea prepa/ed in the same manner as the modrfied support ot txajnpw i. * 

temperatures and duration, employed after the reaction are ^nTtol.1. All reacts arxl treatmenU were earned 
out in an inert nitrogen atmosphere. 
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BaMd on the carbon analyses of Example 2 and ref eranca example 2 and by comparing spectra 3. 4 and 5 (Figure* 
5 to 7) it can ba noticd that ethanol doae no. remove all rotated Si-OH 

will ethylen* grycoi, at the earn* reaction temperature. By mean, or the proceaa accords* to the swenbon ■ la. thue, 
poMible ikT^ry to convart Si-OH antiraty to a surfacs c< the type -CHj-OH. 

Thie appaar. from the IR analyaia of the aurtaca treated wrtti athylar^ gfy<»l (Spaclnjm 3; 1^ 5). «hrt e^ 
that in tha infrared apaetrum h the range 3700 to 3600 cm-' thare* only on. hydroxy group peaxerf an org^ 
TJ^^^L iso^OH pea* at wave number 3747 cm-' ^ccn^***,**^'** 
2 ma chemical reaction bat*-, the go. and tha surfaca. m o«*r ^»^^*^JZ^*Z 
invanticn a is possible to convert an iwrgan* surtaca to an organic surface « oo r^l^*^ ^JiTZ 
wahrgs step, and an.rtraatment Map. n~ee«ry « othar mrthoda. Tha ^ P^~~" ^"^XT 
ExampTes 3 as w«ll as 4a and 4b. wtarex. s.fca has bean treated in gas phase at rugh temperatures ryfrocarbon- 
S II .^propane dots. From the spectra 6 and 7 (Fig.. B and 9). ^hydroxy, ^^^^Z 
atecho. at wavYnumber 3641 cm-' in tha cased 2^thy1-1.3iHopan. <** and f J^*"^*^^^ 
case of 2-athyl-.2-butyl-propana did. In particular, tha use of propane dole substituted with branched hydrocarbon. 
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m the preparation of organic chromatographic surfaces a ol advantage in the process of the nvention. 

Surface-bonded hydrocarbon-substituted propane diois when at the same ume are particularly stable as regards 
the impact of water and when through their ocganc ateohot group render the lormaton of hydrogen bonds possible 
between chromatographcany separated molecules provide a new range of application lor the method according to the 
invention as an industrial manufacturing process due to the above advantages, and not just as a possible novel materel 
suited lor chromatography 

It is evident that the method according to the invention can be extensively applied n the case of 

- diols according to Examples 6 and 7, 

. ether alcohols according to Examples 8 and 9 for the preparation of organic ether surfaces. 

• phenol-type alcohols wherein the phenyl «ng contains a halogen substituent in ortho- or meta-posrtion. 

- silicon cxxnpourxte according to Examples lOandn containing one or more phenyl nngs which may even contan 
a halogen substituent « ortho- or metapoeition in regard to the silicon atom. Hatogen-lree as well as halogen- 
containing phenyl ring surfaces can be f unctionatized * accordance with the application, for rotance hatogerv 
free phenyl ring surfaces can be f unctionalized with organic alkali metal compounds such as butyl or methyl lithium 

Example 12 is a further application of the cyctopentadienyl surface of Example 1 (spectrum 1; Fig 3). By means 
ol the process of the invention, the obtained cyctopentadienyl surface can be transformed further to a part of or an 
entire carboxylic anhydride surface by the Diels-Alder reaction, as will emerge from the IR spectrum 2. In spectrum 2. 
the carbonyl peak of the carboxylic anhydride is visible at wave number 1 789 crrr' , proving that different conipounds 
subjected to the Diels-Alder reaction with monosubstituted cyclopentadiene are of particular advantage m the further 
development of the surface toward practical applications 

It will be obvious for one versed n the art that the carboxylic anhydride surface can fairty easily be transformed 
into a dicarboxylic anhydride surface by treating the anhydride surface either with an aqueous solution or 
gas Of the practical applications of a dicarboxylic acid surface, the special capability of forming chelates with metal 
ions may be mentioned, whereby this capability may render possible the extraction of different knds of metal one from 
aqueous solutions. 

It will emerge from reference example 2 that ethanol does not remove all of the SiOH hydroxyl groups, as does 
ethylene glycol at the same reaction temperature (cf . spectra 3, 4 and 5; Figs. 5 to 7). 

Claims 

1. A solid-phase surface structure, comprising 

- functional groups on the surface of a substrate, sad groups forming surface binding sites to which the species 
of gas or liquid phase reactant is at least temporarily bound due to interaction between said species and said 
functional group during a chemical reaction. 

characterized in that 

- essentially aft functional groups are attached to the substrate via a bridging group attached to surface atoms 
of the substrate. 

said surface binding sites being so far from the surface of sad substrate that the surface of said substrate does 
not have any significant influence on said interaction between sad surface binding sites and sad reactant speaee. 

2. The surface structure according to claim 1, wherein essentially all hvdroxyl groups of an inorganic surface have 
reacted under surface bond selective c»ndruons. 

3. The surface structure according to clakn 1 or 2. wherein the bridging group comprises a linear, branched or cycle 
rryoVocarbon group posaibry containing at least one heteroatom. 

4. The surface structure according to any one of claims 1 to 3, wherein the bridging group comprises an alkytene or 

arylene group which possibly contains at least one heteroatom. 

5. The surface structure according to ctaim 2. 3or 4. wherein the heteroatom * oxygen, nitrogen, sutohui; Phosphorus. 

silicon, tin. or germanium. 
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6. The surface structure according to any one of the previous darns, herein the brdging group is bound .o the 
surface atoms ol the substrate via silicon, tin. germanium or carbon 

7 The surface structure according to claim 6. where* the substrate comprises an inorganic oxide, ehareetefiied in 
that the surface binding srtes are attached to the surface va a group according to formula \* 

-" 4 siR*,.*Vr (Va) 

rx formula Vb 



wherein 

* ItfceSeVaW^ 

of the inorganic oxide. 
R* is a tower alkyi group or a hydrogen atom, and 
Fr* is a group -(CH^-. wherein k is an integer 1 to 4, or an arylene group. 

a The surface structure accordrig to claim 7. wherein the surface bindng sites are cyctopentadienyl groups, whereby 
m formulas Va or Vb. respectively. R 4 stands for an alKylene group. 

9. The surface sUuctureacc^ 

or catalyticalry active metals or compounds thereof attached to the group R* via a cyctopeotadunyl group. 

10. The surface structure accc^^ 

a formed by the ring carbon atoms of the phenylene ring. 

11 A process for prepanng a soW-phase surface structure comprising a substrate containing surface bind*? jsites 

to said binding sites of said the substrate due to interaction between said sites and sad species, 
characterized by 

- reacting the substrate with a compound of formula (I) 

r'ax' <») 

wherein 

A is silicon, tin. germanium or carbon. 
R 1 Is a hydrocarbon group and 
X 1 to a functional group, and 

- carry** out the reaction between the substrate and the cccnoound according to formula I under surface bond 
selective condtena. 

12. The process according to claim 11. wherein a compound of formula (II) is used 

xVax' « 

wherein 
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X 1 and X? can be the same or different and they represent a functional group, and 
R' and A have the same meaning as m claim 11 

13. The process according to ctaim 11 Of 12. wherein X* and X* independently stand tor a hydroxy, alkoxy. ha We. 
s aldehyde, ketone, carboxylic acid, carboxylic anhydride, dicarboxylic acid, esler. amide, amine, nitro, nitrile or thiol 

group, and X 2 means a ring group containing a double or triple bond. 

14. The process according to claim 11 or 12. wherem the substrate is reacted with a compound of formula (V) 

wherein 

'* A. R 1 and X 2 have the same meaning as above. 

R* is a hydrogen atom or a tower alkyl group. 

X* is a hydroryzrig group which reacts with the surface atoms of the substrate and 

m is an integer 0, 1 or 2. 

#> 15. The process according to claim 14. wherein in the compound according to formula V the residue X 3 is selected 
from the group consisting of alkyl (-R 5 ). alkoxy (OR 5 ), carboxylic acid (-OOCR 6 ). amina (-NR*j) or chtorine (-CI), 
wherein R* represents an alrfatic hydrocarbon chain having 1 to 10 carbon atoms. 

16. The process according to claim 14 or 15. wherein group X? in formula V stands for a group which is capable of 
2* * binding transition metals or compounds thereof and R 1 represents a group -(CH^- wherein k is an integer from 

1 to 4. 

17. The process according to cteim 1 6. wherein X* represents a cyclic diene structure, in particular a cydopentadiene 

group, an indenyl group or a ftuorene group. 
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18. The process according to claim 12. wherein the substrate is reacted with a compound of formula Vt 

HO-R*OR 7 (VI) 

wherein 

Pfi represents a group -{CHjV. wherein k is an integer from 1 to 4. and 

R 7 is a hydrogen atom or an alkyl group (-R 5 ). wherein R* has the same meaning as above. 

19. The use of a functional surface prepared according to any one of claims 1 to 10 or a functional surface prepared 
according to any one of clams 1 1 to 1 8 as a support for catalysts or proeatarysts or for chromatographic applica- 
tions. 



4S 



SO 



55 



13 



EP 0 799 641 A2 



RSi(OEt) 



Hydrolysis 



3H,0 



3 EtOH 



RSi(OH) 3 

Condensation 2 RSi(OH) 3 ^ 2 H 2 0 



Hydrogen 
bonding 




Substrate 



HO-Si-O-Si-O-Si-OH 
O D s P-.. 




Bond formation 



^ j^2H 2 0 



R R R 

I I » 

HO-Si-O-Si-O-Si-OH 

O-H 

° ° H-O 




Fig. 1 
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(54) Functional surface* for chemical reactions and proceea for the preparation thereof 



(57) Trie invention concerns a sold phase surface 
structure and a process for preparing such a structure. 
The surface structure comprises functional groups on 
the surlace of a substrate. The species of a reactant ted 
in gas or bquid phase is bound at least temporanly to 
said groups due to the interaction between said species 
and said functional group during a chemical reaction. 
According to the invention essential^ all of the function- 
al groups are attached to the substrate via a bridging 
group bound to the surface atoms of the substrate, the 
surface bnding sites being so tar from the surface of the 
substrate that the surface of the substrate does not have 
any siyirficant influence on the interaction between the 
surface binding sites and the reactant species. The 
f unct onaiized surface structures can be provided by re- 
acting an rorgenic oxide support with a compound or 



formula (I) 



r'ax' 



(I) 



where* A is silicon, tin, germanium or carbon. R 1 is a 
hydrocarbon group and X 1 is a functional group. The re- 
action between the support and the compound of for- 
mula I is carried out under surface bond selective con- 
ditions and the reaction is continued until essentially ail 
of the hydroxyl groups of the inorganic surface have re- 
acted under surface bond selective conditions. By 
means of trie invention f unctionalized surfaces are pro- 
vided which can be used kx chromatographic applica- 
tions and as catalyst supports. 
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